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ABSTRACT 

This paper details the broad categories of 
professionals in Coaputer Sciences and Technology; discusses the 
required coapetence in each skill category, suggests vays and aeans 
of imparting these types of skill and discusses the part that the 
U.N. aay play in ensuring the transfer of these skills from 
Developed-to Developing— countries. It then aakes suggestions as to 
vays and aeans whereby the acquired skills may be continually updated 
and used for the purpose of development in the developing countries, 
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Preamble 



In this paper, ”SIcills in relation bo j^ducc.'fcional l-ackgrounji’^ is 
interpreted to mean ’Oasic Sducationai recuiremont and furtner training 
judged essential for the acquisition of the various professional sldJUs 
required for successful application and grouth of Computer Sciences and 
Technology in any, but specifically in a Developing, country*. 

Abstract 

This paper details the broad categories of professionals in Computer 
Sciences and Technology; discusses the required competence in each s’ -13- 
category, suggests ways and means of imparting these t 3 rpes of skill and 
discusses the part that the U.xT. may play in ensuring the transfer of 
those sldLlls from Devoloped-to Devcloping-countries . It then malcos 
suggestions as to ways and means whereby the acquired sl cill s may be con- 
tinually updated and used for the purpose of development in the developing 
countries . 
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* Author is the Acting Dean of the Institute of Computer Sciences, 
University of Lagos, Lagos, Higeria; and Chairman, Federal S-ovemnent 
of Nigeria, Computer Centralization Committee. 

* Tliis definition is prompted by Section i^.l of the provisional outl i ne 
of the U.fT. Secretary General *s P.cport. 
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SECSIOIT 1 ; 

Broad Func tional classification of Profess-- « 
in Computer Sciences and Tochnology 

I^or tile purposes of this paper seven groups of professionals in 
Computer Sciences and Technology i,iay he identified. They are: 

1. Computer Operatives; The operatives in a Computer Installation may 
he classified broadly Lnto thnee categories as follows 
(i) ^chinc Operator; This tern will be used to cover all operators 
of du,oa-prcparation equipment (c.g, hey/lape-punchcs, and veri- 
fiers) . They are concornoc rrith 

(a) punching and verification of programs and of input-data, 
and (h) sometimes, sortiii;;; of data-cards preparatory to input into 

the computer, and operation of other peripherals, e.g. 
Tabulators . 

(ii) toipute-r Operator; concerned with running programs on the 

Computer (systems) . In this operation, he is often required to 

(a) Identify faulty programs, correct obvious elementary 
programming errors as necessary and in the case of very 
serious errors, return the program to the programmer. 

(b) ileport machine faults as indicated by the machine This 
sometimes needs to ba supported by a report on the ope- 
rational conditions at the tine of occurrence of the fault. 

In installations with complex sophisticated Computer systems 
without automatic schedulers, the operator is often required to work 
under the supervision of a ’human-scheduler’ who will be a more 
senior personnel at tiio installation. T-iis person is sometimes 
referred to as ’Operations rlanager’. 

Computer Librarian; concerned with 

(a) Filing of program documents and dec2:s (or tapes) j and 
retrieval of those on demand. ' • 

i../3. 
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(Td) Acquisition and lending of boolcs, journals, etc, in 

Computer Sciences and Tccluiology and related subject-areas, 
(c) Assisting staff moiabers in identification (locating) and 
acquisition of abstracts, preprints and reprints in the 
above areas . 



2. Teclmician : This term covers Electronic, electrical and 

mechanical maintenance Technicians. They are; 

(a) concerned with the maintenance of Digital, Analog and Hybrid 
Computers associated peripheral and interface equipment, 

(b) sometimes, fabrication of Siiiall, often elementary, subystems 
and/or interface systems. 



Progr^TmiF-rs ; In general this group can be di’/ided into tnr.o 

broad categories as follows 

(i) Systems Programmers ; concerned with 

(a) design of translators and Interpreters, e,g. Assemblers, 
Compilers, Interpreters, Loaders and Operating systems. 

(b) sometimes, evaluation of Mrade-offs’ between ^’Hardware’' 
ani^ ’’Software'’ in a given system configuration and 

(c) in conjunction with liardware design Engineers, determination 
between of interface ^hardware’ uxd ’software’ in Computer systems. 

(ii) Commercial Applications Pro,'<raaaers ; concerned with general data 
processing in Business and Mana gement; areas of interest normally 



(iii) 



include 

(a) Organization and processing of large-scale Information 
Systems; e,g. Files, 

(b) Information Eetricval (often for records, controls, etc.), 

(c) Linear programs. Scheduling and Business Statistics, 

Scientific Application Programmers; concerned td.th scientific 




applications. Normal areas of interest include 
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(a) Engineering applications varying iron, say^ off-line 
computer design of leads ^ to simula.tion of a large 
industrial complex for on-line Computer Control of such 
a complex. 

(h) Hathematical Applications; e.g. solutions of an nth-order 
systems of partial differential equations Fhere n is largo, 
iiiooren Proving, Gaming, Derivation of . lathcmatical models. 
Optimization techniques as irell as the more advanced statis- 
tical applications such as Design of Experiments and 
Analysis of Variance. 

h- The System Analyst is the "interface man" betr/een the policy decision- 
maldLng hodj’- - usu ally management or the Ir.stallation Director, and the 
Applications Programming team in a Dusinoss/industrial Organisation. 
Broadly spcalcing there arc tliroc levels of expertise Tdiich may, from 
the highest to the lotrest levels, be identified as Information Analyst, 
System Designer, and Procodurc Designer respectively. The job specifi- 
cation for each level of persorjicl often varies frith the nature of the 
organization as ttcH as rrith the tj'pe of task to be accomplished. 

In general horrever, 

(i) The Information fmalyst is concerned trith 

(a) Definition, in conjunction frith Management, of the problem 
area. 

(b) Deduction of this vaguely defined problem to detailed specifi- 

3Jtl 

cation in tcr:^ of oithor^5jitGrrelated system of mathematical 
problems and the associated equations in a scientific applica- 
tion or an outline -design of an information system in a 
business-oriented problem. 

(c) Justification, both technically and cost-wise, of the feasi- 

bility and optimalily (in some sense) of the proposed 
solution scheme. ' '' 
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(d) Supervision of iaplciAcntaoion and monitoring of the 
installed system/coinploted schciiic, to ensure that the 
design oDjectives arc net. 

(ii) The Systca Desiinacr is required to 

(a) Collahoratc, T?ith the Information Analyst, in reducing the 
above interrelated system of mathcriatical prohlens/outlinc 
design of conputcr-oased irfomation system into an algo- 
rithirdc procedurc/detailcd design of the information system, 
(h) Reduce the above into a system of flowcharts or ai^ other 
form suitable for the programmers to use. 

(c) Define controls and trouble-shooting procedures for the 
designed system 

(iii) The Procedure Designer is required to 

(a) Design the non-computer procedures including documents, 
myirmr.1 s pjnei Operating instructions, associated with the 
system, 

(b) Detail the communication linics, if between the various 

aspects of the system outside the compu-cer. 

(c) Assist the Information Analyst and System Designer in 
testing the system outside the computer. 

5. Computer Hsx&nare Designer ; concerned with 

(i) Design of improved and new computing systems: a n alog, ig^brid and 
digital computers. 

(ii) Not and/or improved techniques of manufacturing components, and 
subsystems and methods of interconnecting the systems. 

Computer Scientists; concerned ’-ith 
(i) Development of Curriculum, for 

(a) the basic training of the high' 
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Computer Industry and Computer Scientists i or staffing 
Universities other Institutions of higher learnings; 
and CO appreciation courses in Adult education programmes. 
Secondary schools and, xn some countries, elementary 
schools. 

(ii) Theoretical and Applications research in various areas of 
Computer Sciences and related suojects. 

(iii) Consulting for Government, business. Industry and individuals 
in the applications of Computer Technology to their operations. 

7. Directors, etc , concemod nith 

(i) The organization and operation of Computer installation. 

(ii) High-level consultation for Govc-rnnent, business ard Industry 
(in the case of an installation in an Industrial, Business or 
Government organization, the Director or Manager ordinarily 
consults for his organization only) . 

Additional to the above, a Director in a Universi-’y 
environment is reouired to he concerned "^th 

(iii) Identification, -with liis staffs of theoretical as well as 
applications research projects and prosecution of same. 

(iv) Initiation and development, along -rdth his staff, of Curriculum 
for computer education at all levels. 



SECTION H : 

requirements hy Profession cadres 



1, Operatives : 

(i) Machine Operator : 

The data preparation personnel, although rea ll y at the 
lowest level of the computer technology professionals* 
hierarchy, performs one of tlic most crucial operations in the 
profession. Prior to the invention of the Verifier and the 
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advent of the idea of including error-bounds checks in 
Computer progracis, a !:(^punch operator could punch a progran 
so badly that this increases the progra:.'' debugging-tiae many 
folds. His inaccurately punched data-cards could produce 
results ’/hose inaccuracies go undetected and ixLglit lead to 
grossly false conclusions being drawn from the resulting compu- 
tation. 

Dcsarc for accuracy and avoidance of sloppincss wre, evidently, 
desirable chciracter traits at tliis level, lormal training is usually 
given on-the-job, quite often by f^uipmanx ilanuf acturers . Entrepreneurs , 
especially in the United States of nmcrica, have in the last few years, 
set up ’schools’ for training this cadre of personnel. Technical compe- 
tence is enhanced if the machine operator 

(a) understands the operation of input-preparation L-achines, and 

(b) can write siii^jle prograsxs ax least one of tiic high- 

level languages coi-monly used in, and in the machine-language 
of the Computer at, his instellation. 

Acquisition of (a) makes for intelligent use and care of the machines. 
Paciliiy; ./ith (b) ensures that even in the sitivaticn where the operator 
docs not understand an entire program, he at least dees understand some of 
the individual statements. This, vc have found, predictably, usually 
results in increase both in speed and accuracy of data-preparation. 

Competence in data-preparation and progressive assimilation of program- 
ming techniques through familiarity with programs lead, first towards the 
higher status of punch-room supervisor within tlie professional grade and^ 
possibly later, to professional development into the programming cadre. 
Ejcamplcs abound of competent prograamers who developed through this route. 

For these reasons, it is desirable that basic education entry qualifi- 
cations into this professional cadre should bo, at least, about the level 
Lritish 

of the^^General Certificate of Education. Subjects re up to this level 

.../ 8 . 
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nay or nay not include rJLl of the areas of •iathenatics and of the R^sical 
Sciences taught at this level, Ihcpcriaice, iKrrcver, tend to indicate that 
at least one subject in each of these subject groups should be ofi’ered 
especially, by those aspirin{;- to the prograiming cadre. 

The advent of large-scale use cf optical-scan Headers will drastically 
reduce the dependence of data processing on this level of sldLll, However, 
at the present tine, it does appear that the industry *7111 retain this kind 
of personnel for soaetine yet. Srpcriencc suggests tliat ^th the basic 
qualification stated above and reasonable experience, a aacliine operator 
should, with re-training, not firjd it too difficult to bocone a progranner. 



(ii) Coaiputar Operator : 

A Computer Operator’s rcsporwibility varies ’..'idely depending 
on the cocplcxity and sophistication of the installation. 

In snail installations, his duties arc alnost ncchanical 
with little lattitudc for initiative. In this ease he, quite 
often, cones through the route of being a successful nacli_ c 
operator, trained in basic progranning in soae high-level 
language and in nacbJinc language as well as in the operating 
schedule for the cenputer system in his installation, ‘Shere the 
various compilers arc not in residence on tlie system and arc 
called for in batch-processing, he lias to reanember to load them, 
but he does not hc.ve to Imow aiytliing about then. He is often 
trained on-the-job. 

In large more sophisticated ins taLlr.t ions however, the 
responsibilily is correspondingly heavier. The level of training 
is higher and so is the desired degree of competence required. 
Such a person usually iias a higher level of basic educational 
qualification, is more mature and is usually reasonably competent 
even if not highly professional, in some of the more common 
programiiing languages us ad at the installation 
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(iii) Cogputcr Librarian ; 

lie nay "be sonconc trained in Librariansliip 17110 specialised 
in the wor]: of Conputin^^ Centres. Alternatively he ^lay be eono- 
onc trained in basic pro^raixiir.^ and, Iiavins^ gained none 
experience in this to fciJLliarise hi as elf tfith the general 
orientation of the T/or.'c of a coapetcr installation, then proceeds 
to train in Librarianship. ’Acciiisiticn’ is often the aost 
inportant aspect of librariansliip he uses in his job. 

The Librarianship aspect of his training should ordinarily 
follow the nomal po.ttcm. The coaputcr-rclatcd aspect of his 
training could usually be given on-the-job. 

2, Maintenance Tenhni r-i ; 

This is an engineering professional devoted to the naintenance 
of electronic^ electrical and ^aechanical ecuipaent especially compu- 
ters and associated peripheral epuippient. ITe may seine tines be 
required to design and fabricate subsysteas. 

University or Technical Collc-go Training up to at least the 
level of the liritish Higher National Certificate of Sducation or the 
general first degree in Engineering, is a desirable basic educational 
qualification. For personnel responsible for Canputers, the field of 
study should be either a ’major’ in Electronics and ’isinor’ in 
Electrical Engineering or vicc-versa. Usually either course would 
contain sene training in Mechanical Engineering subjects. As the 
noclianical engineering aspects of n'm.intenancc in a computer instal- 
lation is usually small, this nay be learnt on-the-job either by the 
maintenance technician or by an assistant with ? lower level of basic 
educational training. 

Sometimes the level cf basic education specified above is not 
requested, even in Developed countries, by Computer manufacturers , in 
the selection of personnel to train as Customer Engineers. However, 



o 




.../lO. 



GXC6pt in the case of talented young men who have obtained sonowhat 
similax but lower-level training elsewhere, for example in the 
iiilitaiy, it is considered a mistal:e not to request this level of 
basic educational background. 

The maintenance engineer needs to understand computers espe- 

of 

dally the one (cr the rangc/those) in his installation, very well, 
ivhilst it is true that such a technician is x^rovided with standard 
progreims for routine maintenance, it is desirable that ho should bo 
able to locate uncommon problems quiclcly and rectify’’ theji. He has to 
Imow computer programming tecliniques and at least the machine language 
of the Digital computer with which he is associated. This ensures 
that the maintenance prograiiis ere meaningful to him, and ho can, if 
need be, alter them. He may be required to maintain equipment not 
obtained from a vendor under a ^maintenance Agreement, He is soinc- 
tiiucs required to fabricate and test new subsystems. 

Particularly in a Developing country, usually far away from the 
main plants of the computer manufacturing organizations, it is desir- 
able that such a technician be available to 
(i) Assist the customer engineer with maintenance problems as 
necessary, and 

(ii) keep sxirveillance on the type and level of maintenance being 
supplied by the equipment vendor. 

The major part of his training, beyond the basic education, 
would be on- the- job both at the Computer manufacturer’s factory and 
at Customer’s installations. liis basic training and the continual 
further -training scheme of his employers should periodically afford 
him the opportunity of keeping up with the current trends in the 
’Hardware’ field and update Iiimsclf accordingly. 

Desire for technical excellence, perseverance, and attention to 
details are amongst the most important required chai>actcr-traits.^ 
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iTaining siioxild include Digital. and Hybri:'! conputer-systens 

design and ;iiaintenance \7ith special i-eferonce to specific relevant 
cquipnents in tlie installation. Computer prograj'indng technig.ues 
•; 7 itli particular reference to jiac.iine laaaguago, design and operation 
of imintenance programs should oe taught. 



Frornraxmiers 

I'olloTring on from the i;ork of the Information .nialyst and 

System Designer in the System ainalysis group, a programmer is 

re< 3 uired to proceed froui a set of ilodiui'a— indenture flcvrcnarts or 

any other detailed design of a system to prepare- compute*? programs 

that effect the designed solution scheme. 

The acute shortage of good prograramrs sdl over the T7orld, .and 

tho somenhat hapha.zard manner ?-ii a'hich this professional catre has 

grovni up till recently, have resulted in iaultivaricus courses De?.ng 

designed for the up-dating and training of progra m mers ♦ 

Systematization in recent years have lead to the following t:ro 

well-defined approaches to training progra-ners:- 

(i) Offering, sequentially, a hierarchy of 5_“tensive courses 

sandwiched between periods of on-the-job experience or offering 

the same set of coin?ses serially ‘-itiiout breol-: to form p.art of 

a Technical College diplo.aa course, and then follow it by a 

(r ctnd 2) 

period of ’apprenticeship’ in an industrial orga.nization' . 

(ii) Offering high-level undergr:iduaue, post-graduate diploma, and 

Master of Science degree progr v*i:ee5 in co-.;putcr sciences with a 
reasonably high content of such subject-areas as information 
theory, systcii prograaaing, xjrcgraimaing languages and com- 
pillers, 

'■I thou g b tho avowed aim of these programmes is to produce 
’roundly-educated’ personnel in computer sciences, it is clear 
that graduates fro.i such courses co-uld, with cn-the-job 
practical experience, become computent programmers. 

.../ 12 . 
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Basic training in computer programming has until recently been 
left mainly in the hands of computer manufacturers, especially the 
bigger ones, such as the International Business Machines (U.S.) and 
the International Computers and Tabulators and the English Electric - 
parent companies of the International Computers Limited (U.X. ). 

'./hiast, at a basic level, the training of programmers in this 
way appears adequate, from the viewpoint of groTrbh of the trainees, 
manufacturers* procedures appear to have two main disadvantages : - 

(a) Too often, the basic educational requirements for those covrses 
appear to be low with the result that this he.s tended to hamper 
the development of the "graduates^ of their courses into, the 
higher grades of the programming profession. 

(b) Their courses tended to be too specialized and *manufacturer- 
oriented - an unsatisfactory situation in what is a young .Tnr) 
consequently should be, a ’mobile’ profession. 



The rest of this section will be concerned with the training of the 
hi^-loTol Vpe of prograuHors - :?iiose eduoatioml iaeJ-^Tound am train- 
afford them the opportunity of groiving into the higher - professional 
olasses, e.g. Systems programmers, and the type of Applications programmers 
whose educational background and training afford then the opportunity of 
being able to grow into the higher-professional class of System Analysts, 
tlth time, the buUc of this categoiy of personnel is lilcely to come from 

the ranrs of gradna.es of the above-mentioned University programmes in 
Coii^uter Sciences and similar ones. 



Using Curriculum >68 as basis (See Eef. 5 , p.l5A-l60), it is suggested 
that all programmers should take the following courses:- 

(i) ’ COiLiOX COURSE’ G-ROUP 
Computer Sciences ; 

(a) Data Structures. 

(b) Programuing Languages. 

{c) Computer Design and Organization. 
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(d) Systems Programxiig. 

(e) Special purpose Systems; Elements of Analog and IlylDrid 
systems. Communication and Display systems. Peripheral 
and Interface systems. 

(f) Operating Systems. 

(g) Softvrarc/^iardrrare Interaction. 

Mathematics : 

(a) Introductory Calculus. 

(h) Introductory iiathematical ilnalj'-sis. 

(c) Linear Algchra, and 

(d) Introductory Prohahiliiy. 

From here on, some specialization, with the following goals as the 
ultimate objectives, may be effected using the course combinations listed 
below; 

(ii) SYSTEMS T’ SOIT-.-AHE *) PRO&HA: UHTC 
Comnuter Sciences ? 

(a) Compiler Construction. 

(b) Switching Theory. 

(c) Advanced Computer Organization. 

(d) Information Organisation and Iietrieval. 

(e) Computer Craphics. 

Mathematics; '• • 

(a) Function Theory, 

(b) Mathematical logic, and 

(c) Probability Theory and Statistics s 

(iii) SCIENTIFIC APPLICATIOHS PaO£ElAl.i:iNG- 
Computer Sciencoa : ^ ' 

(a) Numerical Analysis (introductory and Advanced) . 

(b) Systems Simulation, 

(c) Information Organization and letrioval. 
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(d) CoEiputer Grcipiiics, 

(e) Process Contz’ol. 

Hathemc-tics ! 

(a) Differential Donations , 

(b) ilatri:: ..lanipulatioii, 

(c) Operations iiesearcii, 

(d) Optimisation 

(e) Hatheiaatical Statistics, 

(f) Introductory Pi eld flieoiy, and 
(s) System Control fliecrj'’. 

(iv) COI-aeSRCIfeL iiPELICM'IOIIS P5GC-B-l'.r niTC- 
Computer Sciences : 

(a) Switching Theory. 

(b) Systems Simulation. 

(c) Information Organization and Retrieval. 

(d) Large-scale Informs-tion Processing System. 

(e) Advanced Computer-based I'lanagenent Systems (e.g. rletworic 
,'inalysis, Resource iJ.location, Business games, etc.) 

x^athematics : 

(a) Optimization Tlieoi'y. 

(b) Operations Research. 

(c) Probability Theory and Statistics. 

(d) Coding and Information Theory. 

Proga'cmmiiig experience as ver^" vital to the success of tae above . 
programme. This may be effected in any of, at least, the following 
throe ways: 

(i) The institution may organise large real-life projects i^perhaps 
in conjunction with Industry) and malce planned participation 
in relevant projects a comp>ulsoiy'’ part of a student’s course. 

. , ,/l5 . 
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(ii) The course may be given as a sandwich course, in which periods 
in ’College’ are interleaved with periods spent by the student 
in Industrial Organisations and during which lie participates 
in real-life projects. 

(iii) Good performance in a fully documented and guided apprentice- 
ship period spent in Industry after the University courses have 
been passed may be iaadc a condition for an award of a degree, 

4* System Analyst * 

The System ihialysis group a loosely defined probla:, apply 

its professional training and/or eaeperiGnee in the problem-area and 
its problem-solving capabilities to redefine the problem in great 
detail and reduces the solution scheme to a set of ’implementation 
instructions’, e.g, system flowcharts, suitable for progrenmors to 
convert to computer programs, Heirarchically, the system analysis 
group broadly comprises of 

(i) Information analysts, 

(ii) System Designers, and 

(iii) Procedure Designers, 

Prom ’job -function’ viewpoint, lot us consider the processes 
involved in establishing a computer-based information system in a 
me di u m -size business organization. 

Here (i) Information Analyst is concerned with 

(a) Appraisal, in conjunction ijith Management of the 
Information needs of its organisation. 

(b) Outline design in conjunction with Systems Designers, 
of a feasible Information System which meets the 
specified needs. 

(c) Justification - both technical and economic - of the 
proposed Information System, 
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(d) Honitoriiiji' of tlie installed system to compare its 
performance \rith the initial design estimates, in 
terms both of costs and the system’s total effective- 
ness in meeting the needs of the organization as 
previously specified* 

(ii) System Designer who is required to 

(a) Do detailed design of part or the -Tiiole of tho computer- 
based information system; 

(b) Assist the Inforraation Analyst, in producing outline- 
design of the system; 

(c) Analyse and produce details of the data-inputs for the 
Computer, the records to be ::ept in the Computer, tlie 
results to output by the computer; the procedures for 
identifying the required results and the inter- 
relationships bettreen them for deriving the information 
needs of the organization. He is required to provide p-TI 
this information in a suitable form, most probably high-and 
low-indenture flowcharts, for application programmers to 
use. 

(d) In conjunction with users and programmers^ design input-and 
output-layout forms for the Computer; specify volumes and 
frequencies of run of programs, 

(e) Specify non-computer information procedures required by the 
system and detail the means of minimising transcription 
errors in these procedures. 

(f) Plan and estimate the cost of implementing the system. 

(g) Detail, in cooperation with the information analyst and 
users, the controls to be inserted in the system including 
Trouble shooting, Urror-corrccting procedures, etc. 

-./ 17 . 
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(h) Check, with the Information Analyst, the operation of 
the installed systen to see tioat it iiieets the informa- 
tion. rc-quirments of the organization* 

(iii) Procedure Designer is concerned with 

(a) Detailed design 'and cliccldng of all procedures, other 
than the actual computer programs, to oe effected in the 
computer-based infomat5.on system* 

(b) Design of individual documents, manuals emd operating 
instructions related to the non-Computcr procedures 
involved. 

(c) Establishment of communication lines interconnecting all 
parts of the system outside the computer, e.g. users and 
operators . 

(d) Assisting the Information Anal 3 ’’st and 'bliG System Designer 
in the trials and tests of the system outside the computer. 



Thus generally speaking, the Information Analyst, in conjunction 
with I-ianagement , define the general problem area. He then uses his high- 
level problem-solving abilities to produce detailed specifications either 
in terms of inter-related mathematical problems and the associated equa- 
tions in a scientific application, or an outline -design of an information 
system in a business— oriented application, as above* 

He has the further responsibility of justifying, both technically and 
cost-wise, that tlic proposed scheme is feasible as vrell as being opti mal , 
in some sense* He exercises supervisory control over the rest of the 
project from here on, and monitors the completed system to ensure tiiat it 
satisfies the defined objectives. 

The System Designer, in collaboration with the Inforr’ation Analyst, 
reduces tliC above inter-related system model into an algorithmic proce- 
dure in case of a scientific problem or to a detailed system-design as in 
the case of the business-oriented information system above; he the5i brealcs 
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the system further dovTH into s, system of flov'charts or «iiiy otjier 
form suitable for the programmers to use; <mid defines control and 
trouble-shooting procedures for the designed system. 

The Procedure Designer deals t?ith the non-computcr aspect of 
the analysis of the system, producing ma n uals and operating instruc- 
tions ftTifi detailing communication linics between various aspects of 
tne system, outside the computer. 

From the above *job description’ it’s clear txiat both tne 
”Information Analyst” and”System Designer” are presumed to be 
experienced personnel, well-trained in a broad area of computer 
sciences especially Computer programming, and whose specialization 
is in some application area, such as, Hanagement, jEngincering Analysis, 
Commercial systems. Linguistics, Library Science, Physical Sciences, 
etc. 



For each of them, high-level problem-solving capabilities, in 
mathematical as well as in non-mathematical areas, constitute, 
perhaps, the most valuable asset. His training may talce aiy of the 
following forms :- 

(i) Training as a programmer as previously defined, followed by a 
period of work in the field. Then further training in some 
specific application area such as Hanagement, Engineering 
Analysis, etc. 

(ii) Initial training in a given profession, e.g. Engineering, 

Banking, Physics, Economics, etc. followed by intensive train- 
ing in Computer Sciences. 

(iii) ^ hierarchy of short intensive courses interleaved with periods 
of on-the-job experience (See Reference 1 - The Training 
package recently designed by the (British) National Computing 
Centre) , 



In all cases, competence in system analysis requiros vriLdo practical 
experience. The further training specified in (i) and (ii) above can be 
achieved with current University post-graduate programmes in Computer 
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Sciences (See reference 5, P.I 63 -IS 4 - >lacter*s pro^^-aame; Reference 
7 - especially t^ze Diploaa and the .ns wcr of Science pro^xaaaes) . 

The University of Lagos Postgraduate Uiplona in Coaputcr Sciences 
xs designed to produce systen analysts fron the rancs of professionals 
in conputer-related disciplines such as Ingineering, i.'atheaatics, 
XfCono^dcs, i^anagenent. Operations Research, Systems Ccnti-ol, etc. 

It presupposes that these students Iiave adequate practical expe- 
rience xn their professions and reasonable preparation in Conputer 
prograiToing, 

The Diploca is a one-year progrance in uhich students offer the 

^ package of courses consisting of (See Appendix l):- 



PLAIT 2 CoTirses 

(a) Numerical Analysis, 

(h) r'athenatical Statistics. 

(c) Systun Siiaulation. 

(d) Caaputer *Softv7are* Systeas. 

(e) natnesiatical Optimisation Technioues, 

(f) Data Structures, 



Lacn student is required to do a fair-size project either singly or 
in a group. 



me master of Science progrmae can.oe used to achieve the sane ends 
especially vith students who initially ..ad less practical professional 
e:^eriencs than the entrants into the Diploma progranne. 



ihe :iaster of Science prograiee is a tr/o-year course, 

year, the students offer the ii package of courses consl 
(See Appendix l):- 



In the firs' 
sting of 



PLAIT A Courses 

(a) Kuiiierical Analysis. 

(h) liathenatical Statistics, 
(c) otochastic Processes. 
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(d) System Simulation. 

(e) Computer ’ooftv/arc’ Cy a terns. 

(f) iiathematical Optimization fechniq^ucs . 

(g) Information Theory. 

(n) Data Structures. 

(i) Statistical Theory of Linear Sy stems. 

(j) Decision Theory. 



It is presumed that, except in exceptional cases^ no student Trill 
Ordinarily taZee more than eight courses: the other tuo courses having 

been talzen to the requisite standard in a previous undergraduate pro- 
gramme. 

In thQ second year tlie student acloicves specialization by choosing 
a set of relevant application courses, e.g. 



(aaOP 71 INSTRILIIgmATTOTs 

(u) ftroccss Design and Control, 

(b) Advanced Systems Control. 

(c) Statistical Theory of Non-Linear Systems. 

(d) Theory of Optimal Control 
for spccaaliraticn in Instruu^ntaticii. 

Each student is also required to do a large design or 'Trite a 
supervised dissertation. The design/research project should be in the 
area of specialization inten de d. 



Usually, a system analyst •.;ill initially specialise in a given 
application area. He TTould, by experience, progressively enlarge his 
area of competence to enable him deal -..ath problems in areas other than* 
that of his initial specialization. 

At the higher levels, some of the more important functions of a 

system analyst are (i) interaction uith management, and (ii) Job Costing, 

Thus it is desirable that part of his basic training should include some 

elements of -laacsement, such as Costing, Job eveauation and Industrial 
psychology. .. 
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5. Cooputer Hardr/aro Desigr.er 



Until quite recently, the orthodox uiethod o£ training a 
Conpatcr Hardtrare Designer followed the follor/ing sequence: 

Basic professional or acadenio education on electrical and/or 
electronics engineering followed by an apprenticeship in large-scale 
electronic system design iTith specialization in computer systems, 
further development in this speciali-^” -"as acquired tlreugh aystenatic 
training and experience on-the-job. 



As the quality of the resulting training depended largely on the 
facilities (professional and physical) availoble at the trainee’s 
organization, there Tras much variation in available offerings. 

Recent establishment of undergraduate and post-graduate courses in 
Computer Sciences at Universities and similar institutions h?-s tended to 
result in greater systematization in course - content and more in-depth 
training in the specialiiy at an early stage in the professional career 
of the computer hardware designer. 

/m undergraduate student in Co.*iputer ..ciences '.rhose ultimate 
objective is a career in computer hardware dcsit>n should initially tai:c 
the ’Common Course’ described an Section II, Subsection above, and 
then specialize by talcing the course combinations below: 



Computer Sciences : 

(a) Switching Theory. 

(b) Sequential -lachinos. 

(c) Advanced Computer Organization. 

(d) Large-scale information Processing Systems. 

(e) Computer Graphics. 



Engineering : 

(a) Basic 'Electronics . 

(b) Digital and Poise Circuits. 

(c) Coding and Information Theory. 



O 
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Mathematics : 



(a) Hatheraatical logic. 

(b) Differential Equations. 

(c) Optimization Theory. 

Practical experience in computer ixardivare design is very necessary 
in the course of the under graduato training. Associated laboratory 
courses should therefore be supplemented rtLth planned vacation attach- 
ment at the appropriate sections of a computer raanufacturer’s establish- 
ment. 

Graduates of ElectidLcal Eng-ineering or Physics degree programaes 
may be trained for professional career in flard'?are design through 
specialization in a Postgraduate program. One such program is the 
^Applied Hardtrare’^ programme listed on page loA of Curriculum It 

consists of the following courses: 

(a) Data tStructures. 

(b) Model of Computation, 

(c) Computer Design and Organisation, 

(d) Computer and Operating Systems. 

(e) Computer Graphics. 

(f) Optimization Theory. 

(g) Viathematical Logic. 

(h) Digital and Pulse Circuits. 

(i) Coding and InT'ormation T‘heor3’’5 

supported with projects of a practical nc.'irax-c in computer applications. 

The University of Lag’os Master of Science i^rogramme in Computer 
Sciences may be used to achieve the sa.’.e end: The student offers the 
PIiAIT A subjects stated in Subsection A above in his first year. 

In the second year, a student whose career objective is Computer 
’hardware’ design will taico the Group I set of courses consistiiig of 
(See Appendix l) ; . 
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G-ROuP 1 - COMFOTIIR ’I-IARD17.A.EE > DESIG-IT 

(q.) Theory of Coding. 

(h) Design of Digital Cociputers 

(c) Structure of Modern Conputing 3yste;r:s. 

(d) Computer Graphics. 

Relevant pre-requisite subjects are presumed to have either been 
taicen in the undergraduate years, or dur’ing the first year. They consist 
of (a) iiathematical Logic. 

(b) Introduction to Computer Design (basic iilectronics) . 

(c) Logic Circuits. 

The main difficulty that v;ould be encountered xii the trai ni ng of 
this group in Lagos, is the provision of real-life experience for the 
students in ’Hardn'are’ design in the absence of local computer manufac- 
turers* A design laboratory is planned but this can hardly be a satis- 
factory substitute. In the near future, further practical training 
overseas appear to be the ansi?cr. 

6* Computer Scientists 

There is noxr virtually a general concensus both in academic and 
professional circles that the training of computer scientists should 
be through University postgraduate programmes. The candidates for 
this programme have first degrees either in Computer Sciences or 
some other discipline - In cases where the first degree is not in 
Computer Sciences, arrangements should be madej for example tiirough 
use of undergraduate ’electrives’ rhich can be talcen concurrently, 
to enable the students malse up important deficiencies in their back- 
ground. 




In Nigeria and similar Developing countries, there is an acute 
shortage of even, non-computer oriented professionals in many areas in 
rrh-i coiiputcr techniques nave been found valuable in other countries. 
This means shortages of personnel *.vho, because of their professional 
training :?ill, at least, be able to identify these areas for possible 



computerization. This fact has tended to n.arro-.'^ do-m considerably rneas 
of applications of Computer Techniques in Developing countries as shonn, 
for example, by the ”Sccond Interim ILeport of the Computer Centralization 
Committee® - Lagos I 968 . Por this reason, the University of Lagos liasters 
of Science degree programme offers an unusually large number of speciali- 



zations in the application areas ^ in its second year» 

In the immediate future in Nigeria and siviilar Developing countries, 
the order of priority in Computer Sciences should be 

(i) applications -Scientific, Engineering, Iiianagement, Administra- 
tive, etcj to ensure 'rnaviTmiTn benefit from computer izationj 

(ii) Systems programming - to reduce current almost-complote 
dependence on the manufacturer’s agents, and finally 

(iii) Computer Design. 

biiilst each of these aspects should be reasonably well represented 



both on the faculty and in the student population, in a University 
prograome, it is clear that relative ifcighting (in numbers) siiould 
recognize the above priority. 

Computor Sciences is a ’practical’ profession, bhat Curriculum 
’68^^^ refers to as ’The«-retical Computer Science’ spccislit" ccntair.s 
only one or "tr.-o more courses li:-:e ’Ait5.ficial Intelligence’ aixL ’Combi- 
natorial Analysis’ in uhich intensive research T7as being done, not 
recommended for the other (Applied) specialities enumerated. This is as 
it should be, but it does not male this a more, or less, desirable course 
for a person vhose ultimata goal is an academic career in Coir.pute.r 
Sciences. 
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Thus in a Computer Sciences pro^aono, considerable emphasis 
should be placed on the ’practical’ aspect of the courses. Ileal- 
life |3rojectc should play a conspicuous role in its ciferin^-s, 

'^Therever possible industrial a^id research projects should be designed 
in collaboration v/ith orgcUiizations professionally active in computer 
sciences. There should be full participation both of students 
faculty* in such projects. 

Research ability and experience is ordinarily an isiportant (raalifi- 
cation, for a University teaching post. This is even more so in 
Computer Sciences since, because the discipline is relatively young, the 
frontier of Icnowledge is moving very fast. For potential faculty 
nembers therefore, the postgraduate programmes should emphasise reseercli 
•cecnnicues. Although procedures in Doctoral and post-Dcctoral ■Dro.’nrar'iiiies 
Trill \3.ry someuhat from one institution to another, coordination in terms 
Oj. cnoice oi suitaole topics for research and some standardization in the 
rec^uiremenc, both in breadth and depth in the research area, to oualify 
for degree anards, is necessary)-. 

ior a. long-time yet ho~;ever, it is clear that maiy Computer Sciences 
faculty members vrould be people who had initial training and research 
experience in related areas, such as I.ngineering, Itathematics, Economics, 
etc., wormed in, and made significant contributions to. Computer Sciences 
and have come ro regard themselves as nothing else out Computer ocientists, 

?• Directors, etc . 

These are leaders, both of men and ’thought’, in the profession. 
They should be able professionais, v::'.th a T.’ide range of professional 
experience and reasonable professional standing. I'iie development of 
Computer Sciences said Technology iias, in recent years, been so rapid 
thau it is no longer either officiant or effective to have a ’pro- 
fessor of musicology run a Comxjuter Science department or an 
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accountant head an Indus'crioi Oooiputer Organization’, techno- 
cracy should oc in the accsndancs here. 

Fnilst a Oirector/iianagcr Mould have liis o*;n specialisation, 
it is clear tiiat he noeds to he very funiiliar v;ith areas of 
CoBXDUter Sciences other thaii I'lis ov;n speciality, an c«dd±tion to 
technical coupetence, human rel- tiorn, orgaoiisational and aianage- 
.-.ent techniques nould he sons of the required tools, iibility to 
coiaaunicate effectively '.:ould have h'sen le:-mt during, liis 
progressive climh to this position. 



hhCTION III 



Transfer of ol'ill 



ERIC 



Transfer of slaill in Computer Sciences and Technology from developed 
to Developing countries in the last third of the t'.;onticth century is, in 
many uays, similar to the transfer of Tingineering shills from Jevelo^jod 
to Developing countries in the first half of the cen-’cury. ^.s in the case 
of Snginc-ering then; so it is "ith. Corqoutcr Sciences nca-: 

Developing countries, hy and loh’ge » 

(i) Here not a^are of the enbent to rrijich both SngiiiGei-iiig Science 
and ‘Technology coiold ax l oot lioix- traditional outloo.: in 
various activities. 

(ii) thought that the applacr.tion of Ingineering tecinicnes- mi.ght 
he the ansner to so;-e of t;.oir hconooic rnd Social pro’cloms; 
thej" ';erc often not sv.ro to ’i.T.t e:;tent. 

(iii) often laciced the tcclmical expertise and finance tc mount a 
program that could mala significant contribution in changing 
the ’status-quo ’ • 

To the exetent th-:it they •■rcro oararo CiT'.t tliis sliould be lono, they 
started projects that ~ere ill-ccn-ceived, too s..iall 5.n sise and too’ 
limited in scope to be able to :.ri;e louch dopact. Host of these projects 

.../ 27 . 
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used second-rate personnel, had loost inadequate facilities and thus 
mostly produced, the kind of second-rate people who did more harm t han 
good to the profession. One is thinking here of the idjid of engineer 
who thought it was undignifying for him to use his hands. 

The collapse or near-ooUapse of such projects was often followed 

by the kind of *e^ert* counselling that tended to suggest alternative 

fa) 

projects that would produce sub-standard professionals' \ Courses 
associated with such' pro jects were often described as being ’practical* 
and ’relevant to the needs of the country ’• 

The above has been recalled only in order merely to point out what 
should be avoided, in planning for transfer of Computer Sciences and 
Technology from Developed to Developing countries. 

Happily maiy Developing countries are aware of the needs to acquire 
the techniques of Computer Sciences and Technology. This is indicated 
by the fact that mary of them do spend a reasonable sum of money - by 
comparison with their expenditure in other areas - in this field. For 
example, Nigeria currently spends about three million dollars per annum 
in this area on equipment, rental and personnel only. 

The salient problems are: 

(i) The acquisition of necessary skills in a form useful for 
developmental applications. 

(ii) The continual updating of those skills. 

(iii) iivailabi li ~ty of satisfactory Computer power at costs within 
the reach of developing countries. 

In the developing countries in which there are data processing 
installations , the facilities for training operatives and the lower- 
levels of programmers appear either satisfactory or at least, can be 
made so quickly. . From here on, as the higher professional levels are 
i^sached, the adequacy of existing facilities diminish quite rapidly. 

For this reason, the majorily of personnel employed at this level in 

.../ 28 . 
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Developing countries are non-nationals, i-or exaaple, in Nigeria, 
about 80j4 of all personnel en5)loyed in the caaputer field beyond the 
level of Junior progracmers, are expatriates. 

It is thus necessary to set up educational projects 

(i) To train professional Conputer Scientists and Technologists. 

(ii) To train professionals in other disciplinary^ areas in the 
use of computer technirucs to e:cpcdite their noraal trorl:. 

(lii) To provide general education in formi of appreciation courses 
in the uses and potentialities of computers both to Ilanage- 
nent and the general public. 

Host developing countries are too poor, technically and/or financially, 
to. provide these facilities for themselves. Sven if they are all able 
to make the necessary financial sacrifices to set up their omi indivi- 
dual facilities, they wi ll be unable to find enough able Computer 
professionals to man them. Thus, it is cloar^ that cooperative ’regional’ 
approach should be used in the setting up of such facilities especially 
in the initial piiase. 

The United Nations is in the best position to implement the setting 
up, both staffing and financing, of such ’regional ’ Institutes in groups 
of developing Member-states. 

As with the International Computation Centre in lone, subscribing 
members, which in this case will be Member-states in the region concerned, 
may be required to make both financial and technical contributions to the 
organization of the Institute. 

It is advised that all. traces of political considerations should be 
strenuously eliminated from the operation of the Institutes. They should 
not in aiy S'cnse ’represent’ a supra-national political symbol. either in 
terms of the facilities provided for, or the living conditions of, their 
staff. None of these Institutes should in aiyway be identifiable as an 
^isl an d of affluence in a sea of poverty”. 2ach Institute should be 
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identified with the aspirations of the. citizens of the ’region* it 
servps. It should he, first and foremost, a centre of technical 
excellence. It would appear that, in order to avoid the twin-perils 
of political identification either with its host-country or as a syahol 
of the Developed countries, each of these Institutes should he located 
in a University environaent. Such an Listitute may he huilt up from 
scratch hut to avoid duplication of effort, 7/herever possible, an 
existing organization should he rebuilt anc L replanned to satisfy tne 
requirements • 

Each Institute should 

(a) Organise University-level courses along the lines suggested 
in Section H above and award degrees, 

(h) &ive short intensive professional courses, very much along the 
lines being developed by the (British) Nationa l Computation 
Centre, Manchester, England, 

(c) Pioneer co-ordinated application of computer techniques in 
various areas of economic endeavour in the ’region’: for 
example, proto-type computer control schemes for industrial 
pz^cesses may he developed and then turned over to member- 
countries that may wish to use them, 

(d) ConsxfLt both for national governments and industrial organi- 
zations within its region, 

(e) Organise periodic refresher courses to update professionals 
in the region, 

(f) Organise technical conferences and seminars for dissemination 
of latest research information and techniques. 

Fellowships should he available to 

(a) Bring genuine experts, who are otherk/ise unarailahle for a 

long period at a stretch, to visit and work at the Insxitute, 
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(t) Enable able but poor nationals of Henbcr-statcs, *?ho wish 
to train in the Institute, to do so and 
(c) Support further training of its students in Developed 

countries, in those disciplinary areas -here, as a result of 
the ’developing’ nature of the raeaber-states in the ’region’ 
of location, local facilities arc insdequate for the com- 
pletion of the required training. 

Each Institute should establish field-centres in each member-state 
in its ’region’, to organise local public education and appreciation 
courses in Computer Sciences and Teciinolog^’’ . 



This project, if it comes to fruition, will achieve very little 
except, either 

(a) Computer manufe-cturing organizations can grow rapidly in 
each ^region’ and provide tho necessary equipment and/or 

(b) Ways and means can be found whereby rental and/or purchase 
of Computing equipment, do not constitute an unbearable 
strain on the Economics of the countries concerned, in terms 
of, either the amount involved and/or ite ’foreign exchange’ 
implications . 



Even if alternative (a) ~ero feasible in tho near future - current 
indications arc that this is not so, alternative (b) would still need 
to apply in the interim period. United Nations Technical Assistance 
programme and the Technical Aid progrrames of its Developed Member- 
states could be applied in this rrea, hopefully, vith considerable 
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Coiiclu<^T^f^ Reaarks 

The need to ■Brrite the United Nations Secretary General’s Report - 
for which this is a ’Resource* paper — is an indication tnaw the world 
highest political organization recognizes the immense potentiality of 
CoEputor Sciences Technology as an ms truaent for development. 

That there is particular concern for the transfer of the requisite 
shills from Developed to Developing Countries implies that, in general, 
the Developed countries are co-iiing to accept tl;at ”they arc tneir 
brothers’ — the Developing Countii.es - Iceepers”. 

It is ny sincere hope that the project that resxilts from this 
initiative ty the United Nations Organization ■'/ill cons'citute a giant 
step forward in her bid to try to close the wide economic gap between 
the Developed and Developing countries. 



Lagos; January 1970 



Ainka. . 
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Appendix 1 



PNI7SRSITY OF LA&OS 
INSTITUTE OP CQj^PUTSR SCIENCES 

POST-GRADUATE ffiOGRAIj^iE IN COHPUrSR SCIENCES 
COURSE USTINC 



In the listing belovr: 

1, ^ Elective Courses * refer to coxirses whose contents are expected to 
be loiown before a student eiabarlcs on the Post-graduate prograiaae* 
They are offered so as to isahe thei'i available for students ~ho are 
deficient in those areas. 

2* Plan A refers to the package of courses which all ii.Sc. students 
take in their first year. 

Plan B is the corresponding paclsige for post-graduate Diploma 
students. 

3* 1 unit defines 25 hours of lectures or 25 three-hour laboratory 

periods or equivalent mixture of lectures and laboratories. 








Elective Courses 

ELI Introduction to Computer Desi^ (itcrrcqiusitc-I^ic ELectrc»3iOB) 
EL2 Logic Circuits (Ere-requisite Fll) 

P21 Digital Computer Programming. 

P23 Kumerical Analysis (Pre-requisite - Introduccor;?- Numerical 
Analysis) 

P31 Probabilily Tlieory 

P32 liathematical Statistics ( Pre-requisite P3l) 

P2fl Stochastic Processes (Prerequisite P3I) 

P5I Dy n a mi cs and Control of Chemical Processes (Pre-requisite 
P32 or Ha) 

P61 Control Systems Theory ( Pre-requisite P32 E4.I) 

F7I Industrial Data Processing Systems (Pre-requisite P32) 

P8l Matheraatical Logic 




• # # 
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?irst Year Ccursos 

101 oystca Siomlatioii (rtc-reqaisite ?2l) 

121 Computer Software Systems (Pr-o-requisite ?2l) 

131 iiithematical Optimization fochuiques (rtc-requisitc Linear 
ilgebra and P2l) 

141 Information Theory (Pre-requisite F32) 

151 Data Structures 

161 Statistical Theory of Linear Systems (Pre-roquisitc ?32) 
171 Decision Theory (Pre-rcquisite ?32 or ?4l) 



• * * 



Second Year Courses 



G-roup I 

221 Tlieoiy of Coding (Pre-requisite Pi2, P8l) 

212 Design of Digital Computers (Pre-requisito P21l) 

213 Structure of Modem Computing Systems (Pre-requisite P222) 

214- Computer Craphics (Pre-requisite P12) 

Croup H 

213 Structure of Modem Computing Systems 

222 Compilers (Pre-requisite P12l) 

223 Ilathematical Theory of Computation and Symbol Manipulation 
(Pre-requisite I51) 

224. Eeuristic Programming and Artificial IitelligencG (Pre-requisite 223) 
Croup lU 

242 Information Retrieval (Pre-requisite I41) 

24-3 Automatic Information Retrieval ( Pre-requisite 242) 

Croup TI 







261 Self Organizing Systems 

262 Computational Models (Pre-requisite 26l) 

263 Advanced Computational Models (Pre-requisite 262) 



36 



5 



&rcup 7 

272 Theory of Operations Research (Pre-requisite 3cVl) 

273 Applied Operations Research (Pre-requisite 272) 

232 Advanced Optimization Technique (Pre-requisite I3I) 

G-roup VI 

251 Process Design and Control (Pre-requisite P22) 

282 Advanced System Control (Pre-requisite P61) 

283 StatisticaQ. Theory of Non-Linear Systems ( Pre-requisite I6I) 
28ij. Theory of Optimal Control ( Pre-requisite 232) 

Croup VU 

291 Computer-Aided Design (Pre-requisite P21, 21!i.) 

292 Analysis and Design for Automated Manufacturing (Pr e-requisite 
P21) 

293 Computer-Aided Instruction (Pre-requisite P2l) 



• • •/ 6 • 
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Units of 


Total liumber 


ELAIT A 


Lecture 


Laboratory 


of Units 


P23 Numerical Aialysis 


2 


1 


1 3 


P 32 Matheuatical Statistics 


1 




i ^ 


RjJ. Stochastic Processes 


r\ 






101 System Sinrulatiom 


r\ 

C 


1 


3 


121 Computer Software Sj’’stems 


2 


1 


3 


131 I-athematical Optiinization 
Techniques 


1 


1 


2 


141 Information Theory 


1 


— 


1 


151 Data Structures 


•» 

JL 


• 


1 


161 Statistical Theory of 
Linear Systems ,, 


2 


1 


3 


171 Decision Theory 


1 


- 


1 


Total: 

! 


15 


5 


20 





Units of 


Total Nuffliber 


PLAN B 


Lecture 


Laboratory' 


of Units 


P23 Numerical Analysis 


2 


1 


3 


P 32 llathematical Statistics 


1 


— 


1 


101 System Simulation 


2 


1 


3 


121 Cocqjuter Softeare Systems 


2 


1 ! 


3 


131 Mathematical Optimization 
Techniques •. 


1 1 


1 


1 ^ 


151 Data Structures 


1 1 


- 1 


1 


Total: 


5 ) 


^ 1 


,13 
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